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was delayed in NT3/ mutants. These data suggested a role
for NT3 in the esophageal muscle transdifferentiation and
AChE receptor transition. In this report, we further studied
muscle transdifferentiation and AChE receptor transition in
amyogenic term embryo esophagi that were intra-amniotically
injected with NT3 at E13.5. While esophagi of saline-injected
amyogenic embryos continued to show no muscle or receptor
transition, the esophagi of NT3-injected amyogenic embryos
clearly showed expression of skeletal fast myosin (anti-SFM) in
their esophagi. We are now interested in finding out weather: (a)
the expression of anti-SFM is mediated via Mrf4 and/or
myogenin, (b) the cell cycle kinetics is altered in the esophagi
of NT3-injected amyogenic embryos, and c) the muscarinic-to-
nicotinic AChE receptor type transition is depended on the
injected NT3. The answers to these questions will further our
understanding on the NT3 role in the esophageal muscle
transdifferentiation and AChE receptor transition.
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Development and differentiation of the visceral smooth
muscle cells in vertebrate embryos
Ludovic Le Guen, Pascal de Santa Barbara
Institut de Ge´ne´tique Humaine, UPR 1142 CNRS, Montpellier,
France
The gastrointestinal tract is a vital organ system present in all
multicellular animals initially derived from a simple tubal
structure that present important smooth muscle cells. The
regulatory systems of skeletal muscle differentiation have been
well analyzed and master regulatory genes identified. In
contrast, little is known about the molecular mechanisms that
regulate the differentiation of the visceral smooth muscle cells.
Stomach development illustrates the acquisition of highly
specialized features. In the chick, the gizzard (muscular
stomach) presents a thick layer of smooth muscle that facilitates
mechanical digestions. Other digestive organs (small and large
intestines) show modest development of smooth muscle layer.
Smooth muscle cell differentiation is observed at around 9 days-
old stage in chicken. Thus, the chick stomach offers the ideal
models for the elucidation of molecular mechanisms that control
the visceral smooth muscle cell differentiation. In order to
identify and functionally study the mechanisms that control and
trigger the differentiation of the visceral mesodermal into
smooth muscle cells, we performed a microarray study to
obtain the gene expression profile of the differentiated stomach
and profile of the undifferentiated stomach. Analyses of these
results confirmed somes genes (such as BMP4, Smooth Muscle
Actin) and gave us new candidate genes in these processes (such
as SCLERAXIS, TWIST). Functional studies of these factors
will be analyzed using the retroviral misexpression system.
doi:10.1016/j.ydbio.2006.04.395
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Sonic and Indian hedgehog regulate intestinal villus smooth
muscle differentiation
William J. Zacharias, Blair B. Madison, Xing Li, Asa Kolterud,
Deborah L. Gumucio
University of Michigan, Ann Arbor, MI, USA
Sonic (Shh) and Indian (Ihh) hedgehog are secreted
signaling molecules specifically expressed in the small
intestinal epithelium during intestinal organogenesis; lack of
either Shh or Ihh results in marked developmental abnormal-
ities involving both the epithelial and mesenchymal compart-
ments of the intestine. Recent work in our laboratory utilizing
animals expressing a secreted form of the pan-Hh inhibitor
Hhip (Villin-Hhip) demonstrates that inhibition of the com-
bined Shh and Ihh signal leads to disorganized villus
formation, and perturbed smooth muscle development. We
recently developed two additional mouse models to further
examine phenotypes resulting from modified Hh dosage. A
Villin-flox–Bgal-flox–Hhip X Villin-Cre double transgenic
model demonstrates a significant decrease in differentiated
smooth muscle in the cores of the villi and disrupted
muscularis mucosa patterning. A complementary transgenic
Villin-Ihh model exhibits a reciprocal phenotype: significant
increase in villus smooth muscle at several adult stages
examined. We also performed microarray experiments on
cultured, Hh-treated embryonic small intestinal mesenchyme,
and our upregulated gene set contained two genes specifically
involved in smooth muscle differentiation, myocardin and
IGF-1. Myocardin is a master regulator of smooth muscle fate,
and IGF-1 has been shown to increase myocardin activity.
Analysis of the mechanism by which hedgehogs activate IGF-
1 and myocardin is currently underway. Taken together, our
results suggest that Hh signaling is crucial for the patterning of
smooth muscle throughout the intestinal mesenchyme.
doi:10.1016/j.ydbio.2006.04.396
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Rapamycin-sensitive TOR signaling regulates intestinal
growth and morphogenesis in zebrafish
Khadijah Makky, Jackie Tekiela, Benedetta Bonacci,
Alan N. Mayer
Department of Pediatrics/GI section and Children’s Research
Institute, Medical College of Wisconsin, Milwaukee, WI, USA
In vertebrates, maturation of the intestinal epithelium
requires tightly regulated processes of cell growth and
differentiation. The target of rapamycin (TOR) is a conserved
Ser/Thr kinase that regulates cell growth and proliferation in
response to nutrients and growth factors. In this study, we
examined the role of TOR signaling during the development
of the intestine in zebrafish. Developmental analysis of ztor
expression by in situ hybridization revealed dynamic
expression in the gut epithelium during the endoderm–
intestine transition. ZTOR inhibition with rapamycin resulted
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in relatively specific arrest of intestinal growth and morpho-
genesis. Rapamycin caused a significant reduction in cell
proliferation with no increase in apoptosis. Morphometric
analysis of the gut epithelium in treated larvae points to a
decrease in both cell number and cell size, most prominently
in the midgut, with failure to adopt a fully columnar
morphology. In contrast, rapamycin treatment has no
significant effect on the expression of intestinal differentia-
tion markers, nor on epithelial cell subtype allocation.
Morpholino knockdown of ztor pathway components pheno-
copies the rapamycin effect. Surprisingly, knockdown of the
negative regulator of TOR caused a reduction in gut tube
size, with otherwise normal morphology. These findings
provide novel evidence to support a link between organo-
genesis in the vertebrate digestive tract and the rapamycin-
sensitive TOR signaling pathway.
doi:10.1016/j.ydbio.2006.04.397
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SOX9 ectopic expression induces gastric intestinal
metaplasia in chicken and humans
Pascal de Santa Barbara 1, Guillaume Granier 2
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2 Pathology Department, Caremeau Hospital, Nimes, France
In vertebrate, the primitive gastrointestinal (GI) endoderm is
uniform along the anteroposterior (AP) axis during early
development. Later, specific regional differentiation will give
rise to the definitive epithelial pattern. During adult life, the GI
epithelium is constantly regenerating and its epithelial pattern
must be maintained throughout life. Signals from the adjacent
mesoderm and between epithelial cells are required for normal
orderly development/differentiation and regeneration processes.
Aberrant control of the processes will lead to the conversion of
one tissue to another termed metaplasia. Little is known about
the molecular mechanisms that control the specific regionaliza-
tion of the GI epithelium along AP axis during development and
adult times. In order to identify regulatory factors, our group
investigated the role of SOX transcription factors in these
processes. We previously showed that SOX9 is specifically
expressed in the intestinal endoderm (colon and small intestine),
but not in the gastric endoderm. Using electroporation, we show
that ectopic expression of SOX9 in the epithelium of the chick
stomach causes its cytodifferentiation and the down-regulation
of a gastric transcription factor SOX2. This perturbation is
associated with activation of the canonical Wnt signaling
pathway. In addition, we found that SOX9 expression is
activated in intestinal metaplasia in the human stomach studied.
These results show that inappropriate expression of SOX9 in
gastric epithelium could lead to the development of intestinal
metaplasia in the stomach.
doi:10.1016/j.ydbio.2006.04.398
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Progressive structural changes in the liver resulting from
conditional loss of Notch signaling
Stacey S. Huppert
Vanderbilt University Medical Center, Center for Stem Cell
Biology, Nashville, TN, USA
We are pursuing questions regarding the coordination of
Notch-regulated cell fate decisions during liver organogenesis
using genetic mouse models. The establishment of correct cell
fates and architecture is crucial for the ability of the liver to
function. Expression of Notch receptors and ligands is observed
in fetal and adult human liver tissue and is altered during liver
pathogenesis. The importance of the Notch pathway in bile duct
development has been previously revealed by mutations in the
human Jagged1 gene associated with approximately 70% of
Alagille syndrome cases, in which several organs are affected,
including a failure/paucity of normal bile duct development.
How Notch is required for these differentiation decisions has
not been determined, but based on current data, Notch may be
involved in the specification and/or maintenance of biliary cells.
Due to the early lethality of both Notch1 and Notch2 receptors,
we undertook a conditional approach to analyze the conse-
quences of Notch loss during neonatal mouse liver develop-
ment, employing Alb::cre. Our preliminary studies show that
Notch is important for bile duct formation and also formation of
the hepatic artery. The phenotype of mice deficient for Notch
becomes progressively severe with age. Of particular note, we
observed dramatic expansion of collagen containing cells. We
intend to elucidate the mechanism by which Notch signaling
regulates normal hepatic development.
doi:10.1016/j.ydbio.2006.04.399
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Gata6 is an important regulator of mouse pancreas
development
Kimberly J. Decker, Lori Sussel
Univ. of Colorado Health Sciences Center, CO, USA
Gata4, Gata5, and Gata6 represent a subfamily of zinc-finger
transcriptional regulators that are important in the development and
differentiation of numerous tissues, including many endodermally-
derived organs. We have demonstrated that Gata4 and Gata6 have
overlapping expression patterns in the early pancreatic epithelium.
Subsequently, Gata4 becomes restricted to exocrine tissue and
Gata6 becomes restricted to a subset of endocrine cells. In addition,
we have shown that Gata6, but not Gata4, physically interacts with
Nkx2.2, an essential islet transcription factor. To determine the role
that Gata4 and Gata6 play during pancreatic development, we
expressed Gata4-Engrailed and Gata6-Engrailed dominant repres-
sor fusion proteins in the pancreatic epithelium and in the islet. At
e17.5, transgenic Gata6-Engrailed embryos exhibit two distinct
phenotypes: a complete absence of pancreas or a reduction in
pancreatic tissue. In the embryos that do form pancreas, there is a
significant reduction of all pancreatic cell types, with the few
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